Objective To determine the proportion of preventable hospital-acquired bloodstream infections (HA-BSIs), the authors prospectively examined consecutive cases in a large university hospital over an 18-month period. Patients and methods Medical charts were assessed with the physician in charge of the patient within 4 days after HA-BSI diagnosis to determine whether the infection was healthcare-related. Preventability was assessed using a validated tool. Results of 378 HA-BSIs (incidence rate, 1.00 per 1000 patient-days), 341 were first HA-BSI episodes in a patient, and 272 (79.8%) were secondary to an identifiable source, of whom 196 (57.5%) were related to medical management. These 196 HA-BSIs were related to an invasive procedure (n¼163), a non-invasive medical management (n¼30) or both (n¼3). Results Of the 272 patients with HA-BSIs from identifiable sources, 55 (20.2%) had no underlying disease, 115 (42.3%) had an ultimately fatal underlying disease, 99 (36.4%) had a rapidly fatal disease, and three (1.1%) were not evaluated. Of the 196 iatrogenic HA-BSIs, 66 were considered preventable (most of them being related to an intravascular catheter), 84 were of uncertain preventability, and 46 were not preventable. In total, 66 of the 341 HA-BSIs (19.4%) were considered preventable, and 191 (56.0%) were not preventable. Conclusion Although evaluation of the preventability of hospital-associated adverse events has been reported to be difficult and of limited reliability, our simple method may help to identify wards or HA-BSI types that warrant in-depth evaluation.
INTRODUCTION
Despite steady improvements over the last decades, controlling hospital-acquired infections (HAIs) in hospitals remains challenging. HAI develops in approximately 5% of inpatients, causing a huge burden of morbidity, mortality and financial cost. 1e4 Identifying which HAIs can be prevented is essential to the development of HAI-control strategies. Furthermore, increasing media attention to HAIs and rising patient expectations regarding HAI control have helped to place HAIs under intense scrutiny.
Two methods have been used to identify preventable HAIs. 1 5 One involves measuring nosocomial infection rates during two consecutive observation periods, before and after implementing a prevention programme. The cornerstone study conducted three decades ago using this method suggested that a surveillance programme may prevent 32% of all nosocomial infections. 1 According to a 2003 systematic review of the literature that identified 25 interventional studies, most of them based on multimodal interventions in single centres, 10e71% of HAIs may be preventable, depending on the type of infection and study design. 6 The other study method involves reviewing medical records. This method is often used to identify hospital adverse events of any origin and assess their preventability. 5 7 8 We used this method to prospectively evaluate the preventability of hospital-acquired (HA) bloodstream infections (BSIs) in our hospital over an 18-month period. We selected BSIs for our study because they are fairly common, easy to detect in the bacteriology laboratory, and associated with high morbidity and mortality. 2 9 
METHODS
This study was carried out at the BichateClaude Bernard hospital, a 900-bed university hospital serving as both a primary and a tertiary care centre for adults in Paris, France. It has 27 wards including six intensive care units (ICUs, with 75 beds), a pulmonary transplantation programme and wards for all the main medical and surgical specialities except haematology and neurosurgery. In 2005, about 30 000 patients were admitted for 242 000 patient-days.
Surveillance of HA-BSIs was started at our hospital in 2002. When a patient was found to have a positive blood culture, an infection-control physician visited the clinical unit where the patient was hospitalised. HA-BSI was defined in this study as one or more positive blood cultures unrelated to an infection incubating at hospital admission; in most cases, the blood samples were taken at least 48 h after admission or were taken in a newly admitted patient with a recent stay in our hospital. Definition of coagulase-negative staphylococci BSIs and BSIs due to other common skin pathogens was derived from a standard definition: either as two or more blood cultures positive for organisms having identical phenotypes, within 48 h, or as one or more positive blood cultures with clinical evidence of sepsis, no other infectious process and specific antibiotic treatment given by the attending physician. 10 Other blood cultures positive with common skin pathogens were classified as contaminants.
HA-BSI with an identifiable source was defined as recovery of the same micro-organism from one or more positive blood cultures and from the suspected source (tracheal secretion, urine, surgical site, soft tissue, intravascular catheter (IVC) or other) or with radiological and clinical signs suggestive of a source, according to standard definitions. 11 All central IVC-related infections were documented by either a positive quantitative tip culture if the IVC was removed 12 or a significant differential time to positivity between peripheral and central blood cultures if the IVC was maintained. 13 HA-BSIs associated with peripheral venous catheters were defined as one or more positive blood cultures; presence of at least two of the following signs at the catheter insertion site: pus, swelling, erythema, tenderness, warmth and cord induration; and no other identifiable source. In the absence of an identifiable source of infection, HA-BSI was classified as primary.
All positive blood cultures were reviewed daily during weekdays by an infection-control physician (CB, JCL or FL). When HA-BSI was suspected, the following information was obtained within 4 days after the results of the positive blood culture(s) were available: demographic characteristics, date of admission to the hospital and to the unit where the blood culture(s) were obtained, severity of the underlying disease at hospital admission as reflected by the McCabe and Jackson score, 14 portal of entry, whether the positive blood culture indicated BSI or contamination, whether the BSI was hospital-acquired, whether antimicrobials were initiated or modified, and the outcome. These data were obtained by interviewing the attending physician, conducting a physical examination of the patient, and reviewing the medical chart and microbiology results.
Starting in January 2005, we determined whether each HA-BSI case was healthcare-related and whether it could have been prevented. We distinguished between two categories of healthcare-related HA-BSI. One category was HA-BSI secondary to an identifiable source that was related to any of the following invasive procedures: surgery, mechanical ventilation, central or peripheral vascular catheter or indwelling urinary device. The other category was HA-BSI due to non-invasive management. This category included HA-BSI in patients with chemotherapyinduced neutropenia and no identifiable source and HA-BSI related to non-invasive care (eg, HA-BSI secondary to a hospitalacquired bedsore). If several HA-BSI episodes occurred in the same patient during the same hospital stay, only the first episode was included in the study because consecutive episodes in a same patient and same hospital stay are likely to be not independent. In ICU, HA-BSIs were discussed with a same physician (BM or RB). In other units, the investigator collected data with the medical and nursing staff. Preventability was defined as an unintended bacteraemia that was caused by medical management or as a failure to meet the reasonably expected standard of care. Investigators determined the frequency of infectious risk in a defined situation, the degree of emergency, the complexity of the case, the presence of any coexisting conditions, the known compliance with preventive measures in that unit, the extent to which there was a consensus about the correct therapy or diagnosis for a given situation, and whether there had been negligence or a reasonably avoidable error. We used a questionnaire derived from a recent multicentre study 8 to evaluate the preventability of healthcarerelated HA-BSIs on a six-point Likert scale, where 1 indicated 'almost certainly preventable' and 6 'almost certainly not preventable,' according to accepted criteria. 5 7 HA-BSIs with a score of 1 or 2 (certainly or probably preventable) were classified as preventable and those with scores of 5 or 6 as not preventable; scores of 3 or 4 were considered to indicate uncertain preventability. One investigator first discussed each case with the clinician in charge of the patient. In a second step, two investigators (JCL, CD or FL) reached agreement about relation to medical management and preventability through discussion. Examples of evaluations are presented in box 1. The study was approved by our Institutional Review Board, which waived the need for patient's informed consent. All forms were anonymised before computer entry. Categorical variables were compared using the c 2 test of Fisher exact test, as appropriate.
Box 1 Examples of evaluation of healthcare-associated bloodstream infections
1. An ICU patient who underwent abdominal surgery for a generalised peritonitis due to bowel necrosis developed a HA-BSI from abdominal origin 4 days after initial surgery, due to Escherichia coli, enterococci and anaerobes. This HA-BSI was rated as not related to healthcare management and not preventable (score of 6 on the Likert scale). 2. A patient developed bacteraemic ventilator-associated pneumonia after 10 days in an ICU. From audits and surveillance data, it was known that most recommendations are followed by the ICU staff. This infection was rated as associated with medical management, and probably not preventable (score of 5 on the Likert scale). 3. A patient developed a deep surgical site infection with bacteraemia 15 days after scheduled cardiac surgery (coronary artery bypass grafting with the two thoracic arteries), due to Staphylococcus aureus. He had a history of diabetes and severe obesity. The local recommendation recommends the preoperative use of nasal decontamination in S aureus carriers. The patient did not receive decontamination before surgery despite being an S aureus carrier. This infection was rated healthcare-associated and probably preventable (score of 2 on the Likert scale). 4. An ICU patient was discharged to the rehabilitation unit with a central venous catheter that was no longer useful for medical management. He developed 48 h later a catheterrelated BSI with septic shock. This BSI was rated healthcareassociated and certainly preventable (score of 1 on the Likert scale). 5. A patient with a peripheral venous catheter (PVC) developed an HA-BSI related to PVC. The PVC associated with the BSI was left in place for 7 days, and the patient had no difficulty with peripheral venous access. This BSI was rated healthcareassociated and certainly preventable (score of 1 on the Likert scale). 6. An older patient with dementia received a PVC and developed an HA-BSI related with PVC that was left in place for 4 days. The patient tore off the catheter dressing several times. This BSI was rated healthcare-associated and possibly not preventable (score of 4 on the Likert scale). 7. A 22-week pregnant woman adequately received ocytocin for a late miscarriage. She developed 2 days later an endometritis with BSI due to E coli. There was no recommendation for perioperative antimicrobial prophylaxis. This BSI was rated healthcare-associated and probably not preventable (score of 5 on the Likert scale). 
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DISCUSSION
These data suggest that 19.4% of HA-BSIs may be preventable and 56% unpreventable, whereas 24.6% were classified of uncertain preventability. To our knowledge, this is the first study that has prospectively assessed the preventability of HA-BSIs. We examined the medical records with the attending physician and examined the patient within a few days after HA-BSI identification, a method that is more accurate than retrospective medical-record review. We focused on HA-BSI for several reasons. First, although HAIs are not the most common adverse events in admitted patients, they are considered important by the general public, and they receive more media attention than other adverse events (eg, drug-related events, bleeding or thrombosis). 16 That 56% of HA-BSIs were considered unpreventable in our study is an important finding that deserves to be brought to the attention of both the medical community and the media. Second, as most HA-BSIs are secondary to focal infections, they provide information on a broad range of HAIs. Third, HA-BSIs lead to high morbidity and mortality compared with other HAIs. 9 Identifying preventable HA-BSIs may help infection-control units and risk-management units to select wards and infection sites that require special attention. Moreover, it is possible to identify preventable cases that may further be evaluated with riskmanagement tools, and be used for awareness and education. Fourth, identification of HA-BSIs cases is easily achieved at the bacteriology laboratory and does not require visits to wards, in contrast to other nosocomial infections or non-infectious adverse events. 17 In our study, 80% of HA-BSIs were secondary to an identifiable source, in keeping with earlier studies. 18 19 Because HA-BSI can originate from many sources, it is difficult to compare our results with studies that evaluated preventability by comparing infection rates before and after a multimodal intervention. Most of the earlier studies focused on device-related infections or evaluated all HAIs. 6 Nevertheless, recent studies of interventions to prevent nosocomial infections found similar results, with about 20e25% of HAIs being prevented by the interventions.
20e23
Intravascular catheter-related HA-BSIs may be the most readily preventable HA-BSIs. Multimodal intervention programmes in ICUs virtually eliminated central venous catheterrelated HA-BSIs in one study. 24 Clear guidelines exist about minimising the risk of IVC-related HA-BSI, and the extent to which they are followed can be evaluated by reviewing the medical chart. For example, an HA-BSI originating from a peripheral venous catheter left in place for longer than 96 h in a patient without difficult venous access was considered certainly preventable (box 1). 10 By contrast, the use of measures to prevent other forms of infection (eg, aseptic handling of urinary devices or skin preparation before surgery) may be more difficult to evaluate. It was therefore difficult to determine whether preventive measures were observed in these cases, and evaluation of preventability was partly based on presence of underlying diseases and risk factors in the bacteraemic patients, and whether these infections are considered preventable in the literature.
The mortality from HA-BSI was high in our population. We were unable to determine the contribution to this high mortality of factors related to the HA-BSIs and of factors related to underlying diseases. High mortalities have been reported in patients with HA-BSI and underlying diseases associated with poor life expectancy. 2 Our study has a number of limitations. First, whereas a role for healthcare is easier to determine for HA-BSIs than for other infections, preventability is difficult to assess. Although evidence in the literature can be used to develop criteria for preventability, the assessment relies in part on clinical judgement. The impact of this factor was probably limited in our study, since the investigators were trained hospital epidemiologists who were specialised in infection control. Nevertheless, review of the cases by an independent panel of experts might have increased the reliability of the data. Second, reviewing cases with attending physicians may miss errors, opportunities for prevention and lapses in organisation. Furthermore, the standard of practice that forms the basis for such judgement is often not precisely defined, and thus it may be susceptible to variation in interpretation. Indeed, it is recommended that all the members of the healthcare staff usually participate in morbidity and mortality reviews. However, our method required only about 45 min for each case. It may be useful for identifying wards or infections that require special attention. Third, 24.6% of all HA-BSIs were considered of uncertain preventability. This high proportion underlines the difficulty of preventability assessments. A more detailed review would probably identify a higher proportion of preventable HABSIs. Moreover, a blinded independent review would have increased the validity of the assessed preventability. Finally, our study was conducted in a single centre, and the investigators were physicians at that centre. Therefore, our results may not apply to other hospitals.
In conclusion, 56% of HA-BSIs in our hospital were not preventable, whereas 19.4% were certainly or probably preventable, most of them being IVC-related infections. These preliminary results require confirmation in a multicentre study with an external assessment of preventability. If validated, the simple method used in our study might prove useful for identifying infections that require a detailed review, and to bring to public attention that HAIs may not be preventable in every instance. 
